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SUMMARY 

An investigation has been conducted i n  the Langley Unitary Plan wind tun- 
nel  and i n  the  Langley 4i by &-foot supersonic pressure tunnel t o  determine the 
effects  of various f i n  arrangements on the s t a b i l i t y  characteristics, i n  par- 
t i cu la r  the  direct ional  s t ab i l i t y  characteristics,  of a manned l i f t i n g  entry 
vehicle. 

The resu l t s  showed tha t  increasing e i the r  the  span or the chord of the  t i p  
f i n s  provided direct ional  s tab i l i ty .  Increases i n  directional s t a b i l i t y  also 
resulted from increasing the chord of the  center f in ,  attaching an end p la te  L 

t o  the center f in ,  and f i t t i n g  trailing-edge wedge sections t o  the center f in .  L 

The canopy destabilizing ef fec t  on the direct ional  s t a b i l i t y  
of the basic body. 

INTRODUCTION 

The National Aeronautics and Space Administration i s  engaged i n  a general 
research e f fo r t  t o  determine the aerodynamic character is t ics  and problems asso- 
ciated with a manned l i f t i n g  entry vehicle having a maximum hypersonic l i f t -  
drag r a t i o  of about 1.0. The configuration evolved a f t e r  an extensive review 
of configuration types and an analysis of hypersonic and low-subsonic resu l t s  
on some selected preliminary configurations ( re fs .  1 and 2). The vehicle shape 
selected f o r  fur ther  study has been designated the  basic HL-10 (horizontal 
lander 10).  

The r e su l t s  reported i n  reference 3 indicated tha t  low directional s tab i l -  
i t y  a t  the lower supersonic Mach numbers i s  a problem area of the  basic HL-10. 
The present investigation w a s  therefore made t o  provide information on the  
effectiveness of various arrangements of s tabi l iz ing surfaces i n  improving the 
direct ional  s t a b i l i t y  characteristics.  The resu l t s  presented herein were 

Unclassified. 



obtained i n  tLe LLL-nqle~ Unltx-y P2.a~ -,iinc "ru?eJ_ eve). dn angle-of-attack range 
t h a t  extended f ro~n lcu7 a ~ ~ g l e s  t o  :'lo ~ n d  3b0 a t  Mach wmbers of 1.50, 1.80, 
and 2,16. Some directional. s t a b i l i t y  charac te r i s t i cs  were a l so  obtained a t  
M = 2.86. I n  addition, r e s u l t s  were obtained i n  the  Langley 4- by 4-foot super- 
sonic pressure tunnel over an angle-of-attack range from about - 7 O  t o  2T0 a t  a 
Mach number of 2-21,  The f i n s  investigated i n  t he  Unitary Plan tunnel  included 
several  long-span t i p  f i n s  which were reduced systematically i n  span by 
removing t i p  area, a t i p  f i n  designated D - 1  i n  reference 3, and f i n  D-1 with a 
rearward chord extension. The e f f ec t s  of at taching a canopy t o  t he  bas ic  body 
and reducing t h e  span of t h e  center f i n  were a l so  determined i n  t he  Mach num- 
ber  range from 1.50 t o  2.86. 

The f i n s  investigated a t  a Mach number of 2.21 were t he  t i p  f i n  of refer-  
ence 3 ( f i n  D-1) with two lengths of rearward chord extension and t h e  center 
f i n  of reference 3 ( f i n  E )  with a rearward chord extension. The extended-chord 
center f i n  was a l s o  t e s t ed  with and without a delta-shaped end p l a t e  at tached 
t o  t he  t i p  chord. 

SYMBOLS 

Measurements f o r  t h i s  invest igat ion were taken i n  t he  U.S. Customary 
System of Units. Equivalent values a r e  indicated herein parenthet ical ly  i n  t he  
In te rna t iona l  System (SI )  i n  t he  i n t e r e s t  of promoting use of t h i s  system i n  
fu tu r e  NASA repor ts .  Details  concerning t h e  use of SI, together with physical  
constants and conversion factors ,  a r e  given i n  reference 4 .  

The r e su l t s  a r e  presented as force  and moment coeff ic ients  with l i f t ,  drag, 
and pi tching moment referred t o  t h e  s t a b i l i t y  ax i s  system and ro l l i ng  moment, 
yawing moment, and s ide  force referred t o  t h e  body ax i s  system. The reference 
center of moments was located at 53.0 percent of t he  body length behind t h e  
nose, and a t  1.25 percent of t h e  body length below the  body reference l i n e .  

b body reference spar,, 0.860 f t  (0.262 m )  

Drag drag coefficient ,  - 
qs  

L i f t  l i f t  coeff ic ient ,  -------- 
qS 

rolling-moment coeff ic ient ,  Rolling moment 

*c 2 ef fec t ive  dihedral  parameter, - 
4 3  

Pitching moment 
pitching-moment coeff ic ient ,  



Yawj ng moment 
yawing-moment c8oefficiert ,  ------------- 

qGb 

acn 
CnD 

d i rec t iona l  s t a b i l i t y  parameter, ------ 
AD 

Side force  
side-force coeff ic ient ,  

qs 

c y ~  
side-force parameter, 3 

L/D l i f  t-drag ra t io ,  c JCD 

2 body reference length, 1.333 f t  (0.406 m)  

M Mach number 

9 free-stream dynamic pressure, l b f / sq  f t  ( ~ / r n ~ )  

R Reynolds number 

r radius, i n .  (cm) 

S projected reference planf o m  area, 0.634 sq f t  (0.059 sq  m )  

x , Y ~  Z body coordinate axes 

a angle of a t t ack  referred t o  body reference l ine ,  deg 

P angle of s i de s l i p  referred t o  plane of symmetry, deg 

6 r  rudder def lect ion angle, deg 

MODELS 

Detai ls  of t he  configuration a re  presented i n  f igure  1 and ordinates 
defining t h e  cross-section shape are  given i n  t a b l e  I. The model has a leading- 
edge sweep angle of 74'. Directional  s t a b i l i t y  of the  basic  configuration i s  
provided by two t i p  f i n s  oriented a t  approximately 30' away from the  v e r t i c a l  
(designated D-1) and by a center f i n  with a 6' wedge sect ion (designated E ) .  
( see  f i g .  1.) 

The t i p  f i n s  investigated a re  shown i n  f igure  2; they consist  of th ree  
f i n s  of variable spans (designated H, I, and J i n  f i g .  2 ( a ) )  and four  f i n s  of 
variable chords (designated D-1, F, G, and L i n  f i g .  2(b)  ) . The center f i n s  
investigated,  shown i n  f igure  3, include t h e  basic  center f i n  E, t he  basic  
center f i n  E with a trailing-edge-chord extension (designated Tin N ) ,  f i n  E 
with a reduced span (designated f i n  K ) ,  and center f i n  N with a delta-shaped 



end pl6.tt; attscheS, -h t h e  5i;s zhord A csropy, i l l u s ?  I-ated i n  f igure  1, was 
a l s o  ir.t~rest,i<ti l ed .  

A smrlla,ry of t h e  f i n  conf igv.ra,t,ions invest igated a t  Mach numbers f rom 1.50 
t o  2.86 and a t  a Mach number of 2-21 i s  presented i n  t a b l e  11. 

TESTS 

The t e s t  conditions a r e  summarized i n  t h e  following t ab le :  

The s tagnat ion dewpoint was maintained s u f f i c i e n t l y  low i n  both phases of 
t h e  inves t iga t ion  (-30° F o r  lower) so t h a t  no condensation e f f e c t s  were 
encountered i n  t h e  t e s t  sec t ion.  The angle of a t t ack  was corrected f o r  deflec-  
t i o n  of t h e  balance and s t i n g  under load. The Mach number v a r i a t i o n  d i d  not 
exceed + O . O l 5  i n  e i t h e r  t e s t  sect ion,  and t h e  flow-angle v a r i a t i o n  i n  t h e  hori-  
zonta l  and v e r t i c a l  planes was within about +O.1° of t h e  values used f o r  reduc- 
t i o n  of da ta .  

Force measurements were made through t h e  use of a six-component i n t e r n a l  
s train-gage balance. The model was mounted i n  each t e s t  sec t ion  on a remotely 
control led  variable-angle s t i n g .  The angle-of-attack range of t h e  t e s t s  made 
a t  Mach numbers from 1.50 t o  2.16 extended from about - 4 O  t o  about 21' and t o  
angles of a t t a c k  of about 3 8 O  f o r  a few runs. The angle-of-attack range of 
t h e  t e s t s  made a t  a Mach number of 2 ,21 extended from about - 7 O  t o  about 27'. 
I n  both phases of t h e  inves t igat ion r e s u l t s  were obtained a t  approximately 0' 
and 5 O  angles of s i d e s l i p  throughout t h e  angle-of-attack range i n  order t o  
determine t h e  l a t e r a l  s t a b i l i t y  parameters Gag, C Z D J  and Cyp. The parameters 

were determined from these  r e s u l t s  by ca lcula t ing a mathematical d i f ference  



between l a t e r a l  coefficLe,lts a t  nominal sic;e;;liy, clngle of O0 8,nd 53 arld dividing 
t h i s  d i f ference  by t h e  ( 1  1 Xerence hetiqeen t.hs c o r ~ e c + ~ e d  3nglcs of s i d e c l i p ,  

The accuracy of t h e  individual ly  measured quan t i t i e s  and coeff ic ients ,  
based on previous tunnel  and balance ca l ib ra t ions  and r e p e a t a b i l i t y  of t h e  data,  
i s  estimated t o  be within the  following l i m i t s :  

PRESENTATION OF RESULTS 

The r e s u l t s  of t h i s  inves t igat ion a r e  presented i n  t h e  following f igures :  

Figure 

Schlieren photographs . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Longitudinal charac te r i s t i c s :  
Various spans of t i p  f i n s .  M = 1.50 t o  M = 2.86 . . . . . . . . . .  5 
Various chords of t i p  f ins ,  canopy, and center- f in  wedge. 
M = 1.50 t o  M = 2.86 . . . . . . . . . . . . . . . . . . . . . . .  6 

Extended-chord t i p  and center  f i n s ,  and end p l a t e  on 
c e n t e r f i n .  M = 2 . 2 1 . . . . . . , . . . . . . . . . * . . . . . .  7 

Late ra l  c h a r a c t e r i s t i c s  : 
Various spans of t i p  f i n s .  M = 1.50 t o  M = 2.86 . . . . . . . . . .  8 
Extended-chord t i p  f i n .  M = 1.50 t o  M = 2.86 . . . . . . . . . . . .  9 
Canopy and center- f in  wedge. M = 1.50 t o  M = 2.16 . . . . . . . . .  1 0  
Various spans of center  f i n s .  M = 1.50 t o  M = 2.86 . . . . . . . . .  11 
Extended-chord t i p  and center  f i n s ,  and end p l a t e  on center  

f i n .  M=2.21 . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

DISCUSSION 

The p r i n c i p a l  discussion of t h e  r e s u l t s  r e l a t e s  t o  t h e  l a t e r a l  s t a b i l i t y  
and, i n  p a r t i c u l a r ,  t h e  e f fec t  of f i n  changes on the  d i r e c t i o n a l  s t a b i l i t y  of 
t h e  model. However, because of t h e  i n t e r r e l a t i o n  of t h e  longi tudinal  and 
l a t e r a l  c h a r a c t e r i s t i c s  due t o  t i p - f i n  ro l l -out ,  some considerat ions of i n t e r e s t  
i n  t h e  long i tud ina l  plane w i l l  a l s o  be discussed. 

The r e s u l t s  i n  f igure  5 show t h a t ,  i n  t h e  longi tudinal  plane, t h e  l a r g e s t  
e f f e c t  of changing t h e  t i p - f i n  span i s  on t h e  l i f t - d r a g  r a t i o ,  This va r ia t ion  



i n  l i f t - d r ag  r d t i c  Ls caused by t h?  ckange i n  both t he  base drag and the  pres- 
sure drag of tile b l~n- led  t i p  fLns, Ar- i n x ~ a s e  i n  L/II of about 20 percent 
at an angle of a t t ack  of about 12O occurs a s  a r e su l t  of shortening the  t i p - f i n  
span, or  changing from f i n  H t o  f i n  J. As may be expected, increasing t he  chord 
of t i p  f i n  D - 1  i n  t h e  rearward di rect ion by adding longitudinal  s tab i l i z ing  area  
increases the  s t a b i l i t y .  (see  f i g ,  6, f i n s  D - 1  and L; and f i g .  7, f i n s  D-1, 
G, and F . ) 

The t i p  f i n s  J, I, and H a re  compared i n  f igure  8 with t he  f i n  designated 
D-1 i n  reference 3. The l a t e r a l  s t a b i l i t y  charac te r i s t i cs  show negative incre- 
ments i n  CnB a s  t h e  t i p - f i n  span i s  decreased, but a t  angles of a t t ack  above 

about 24O, where 
C n ~  

i s  t h e  lowest, t he  configuration with t he  intermediate- 

span f i n  I maintains d i rec t iona l  s t a b i l i t y .  Increasing t he  Mach number gener- 
a l l y  increases t he  d i rec t iona l  s t a b i l i t y  f o r  a l l  f i n s  i n  t he  higher angle-of- 
a t t ack  range. I n  addition, reductions i n  t i p - f i n  span reduce t he  effect ive  
dihedral  (-clp) of t h e  configuration. The l a t e r a l  s t a b i l i t y  charac te r i s t i cs  

obtained at  a Mach number of 2.21 f o r  various chord lengths of t he  t i p  f i n  D - 1  
( f i g .  12) show t h a t  only neutra l  d i rec t iona l  s t a b i l i t y  was a t t a ined  with a 
1-inch (2.54-em) chord extension ( f i n  F) .  Because of these  resu l t s ,  a 1.5-inch 
(3.81-cm) extension ( f i n  L) was investigated at  Mach numbers from 1.50 t o  2.86; 
r e su l t s  obtained using f i n  L a re  compared i n  f igure  9 with r e su l t s  obtained 
using f i n  D-1. The r e s u l t s  show t h a t  t he  configuration with f i n  L i s  direc- 
t i o n a l l y  s tab le  at M = 2.16 and appears t o  maintain s t a b i l i t y  f o r  the  higher 
angles of a t t ack  a t  a l l  Mach numbers. 

The d i rec t iona l ly  des tabi l iz ing e f fec t  of t h e  canopy i s  l a rge  throughout 
t h e  Mach number and angle-of-attack range ( f i g .  10) .  Opening def lectable  panels 
on t h e  s ides  of t h e  center v e r t i c a l  t a i l  22.5O ( o r  adding wedges) i n  order t o  
increase t he  a i r f o i l  surface angle increases d i rec t iona l  s t a b i l i t y  a t  a l l  angles 
of a t t ack  and Mach numbers ( f i g .  10) .  

A chord extension t o  t he  center f i n  E ( f i n  N )  at  a Mach number of 2.21 
( f i g .  12)  increases d i r ec t i ona l  s t a b i l i t y  throughout t he  angle-of-attack range, 
but the  amount of s t a b i l i t y  created a t  t h e  highest angles of a t tack i s  small. 
The addit ion of a delta-shaped end p l a t e  t o  t he  extended-chord center f i n  N 
a l so  increases s t a b i l i t y .  The combined e f f ec t s  of both chord extension and end 
p l a t e  a re  not favorable enough t o  produce a d i rec t iona l ly  s tab le  configuration 
at  t he  higher angles of at tack;  the  e f f ec t s  of span increase ( f i n s  H and I), 
however, a r e  much more favorable i n  producing s t a b i l i t y .  (see  f i g .  8.) 

An invest igat ion of t h e  aerodynamic charac te r i s t i cs  of a model of a manned 
l i f t i n g  entry  vehicle, designated EL-10, with various f i n  arrangements a t  Mach 
numbers from 1.50 t o  2.86 indicated the  following conclusions: 

1, Increasing e i t h e r  t he  t i p - f i n  span o r  chord provided d i r e ~ t i o n a ~ l  s ta-  
b i l i t y  a t  the  higher Mach numbers. 



2. The most s i g n i f - ~ z n t  e f f e z t s  of 5hz %ip - f l n  arrangem*nts cln tjle longi- 
tud ina l  charac te r i s t i cs  :rare the  J e x e a s e s  i,i lifi,-drdg rai,ir) whicb r w u l t e d  
from increasing t he  t i p - f i n  span and chord. 

3. Increases i n  d i rec t iona l  s t a b i l i t y  were produced by changes i n  the  cen- 
t e r  v e r t i c a l  f i n ,  which included a chord extension and addi t ion of an end p l a t e  
and trai l ing-edge wedge sections.  

4, The canopy created a la rge  unstable increment i n  d i rec t iona l  s t a b i l i t y  
f o r  the  basic  vehicle. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Iangley Station, Hampton, Va., Ju ly  30, 1965. 

1. Rainey, Robert W.; and Ladson, Charles L.: Preliminary Aerodynamic Charac- 
t e r i s t i c s  of a Manned Li f t ing  Entry Vehicle a t  a Mach Number of 6.8. NASA 
TM X-844, 1963. 

2. Ware, George M. : Aerodynamic Character is t ics  of Models of Two Thick 74' 
Delta Manned Li f t ing  Entry Vehicles at  Low-Subsonic Speeds. NASA TM X-914, 
1964. 

3 .  McShera, John T., Jr. ; and Campbell, James F. : S t a b i l i t y  and Control Char- 
a c t e r i s t i c s  of a Manned Li f t ing  Entry Vehicle a t  Mach Numbers From 2.29 
t o  4.63. NASA TM X-1019, 1964. 

4. Mechtly, E. A.: The In te rna t iona l  System of Units - Physical Constants and 
Conversion Factors. NASA SP-7012, 1964. 



I IG CRC3S-SPCTIC'W SHAPE OF M-10 '.IITXOIPP 

FIN, CM:OPY, Mi CALTOPY EXTEr'S1Oi.I 



'In addition to fin configurations, a canopy was investigated with fins D - 1  and E. 



T r a i l i n g - e d g e  p a n e l s  d e f l e c t e d  

Figure 1.- Basic configuration. Dimensions are given f irst i n  inches and parenthetically i n  centimeters. 



Rear v i  ew 

S e c t i o n  A - A  

(a) Various spans. 

Figure 2.- Drawing of tip fins. Dimensions are given first in inches and parenthetically in centimeters. 



Rear v i ew 

F i n  F  - 

F i n  G '1 
S e c t i o n  A - A  

(b) Various chords. 

Figure 2.- Concluded. 



Fin K 
(7 .87)  

Fins E and K 

Section A - A  

Body trailing 
edge 

Section B-B 

Fin N 

Fin N w i t h  
end plate 

Top v i e w  

Figure 3.- Drawing of center fins. Dimensions are given first i n  inches and parenthetically i n  centimeters. 



M = 2.16 

Figure 4.- Schlieren photographs of test model. a = 21.06~. 



(a) M = 1.50. 

Figure 5.- Pi tch characteristics of model w i th  var ious spans of t i p  f ins.  Center f i n  E. 



(b) M = 1.80. 

Figure 5.- Continued 



(c )  M = 2.16. 

Figure 5. - Continued. 



(dl M = 2.86. 

Figure 5. - Concluded. 



(a) M = 1.50. 

Figure 6.- P i t ch  characteristics of model w i t h  extended-chord t i p  f ins, canopy, and  opposite deflection of rudder panels. Center f i n  E. 



(b) M = 1.80. 

Figure 6.- Cont inued  



a ,  d e g  

(c) M = 2.16. 

Figure 6. - Continued. 



(dl M = 2.86. 

Figure 6. - Concluded 



Figure 7.- P i t ch  character is t ics of model w i th  extended-chord t i p  and  center f ins, and  end plate o n  center f i n .  M = 2.21. 



(a) M = 1.50. 

F igure  8.- Lateral stabil i ty character is t ics of nlodel w i t h  var ious spans of t i p  f i ns .  Center  f i n  E 



(b) M = 1.80. 

Figure 8.- Continued. 



(c )  M = 2.16. 

Figure 8.- Continued. 



(dl M = 2.86. 

Figure 8.- Concluded. 



(a) M = 1.50. 

F igu re  9.- Lateral stabil i ty character is t ics of model w i t h  1.5-inch c h o r d  extension to t i p  f i ns .  Center  f i n  E. 



(b) M = 1.80. 

Figure 9.- Continued. 



(c) M = 2.16. 

Figure 9.- Continued. 



(d) M = 2.86. 

Figure 9.- Concluded. 



(a) M = 1.50. 

Figure 10.- Lateral stabil i ty charac te r i s t~cs  of model s h o w n g  the effect of canopy and o p g s t e  deflection of rudder pane ls  Tip f i n  J; center f i n  E, 



(b) M = 1.80. 

Figure 10.- Continued. 



a ,  d e g  

(c) M = 2.16. 

Figure 10.- Concluded. 



(a) M = 1.50. 

F igu re  11.- Lateral s tabi l i ty  character is t ics of model w i t h  va r ious  center  f ins.  Tip f i n  D - l  



(b) M = 1.80. 

Figure 11.- Continued. 



(c) M = 2.16. 

Figure 11.- Continued. 





F igure  12.- Lateral stabil i ty character is t ics of model w i t h  extended-chord t i p  and  center f ins, and  end  plate o n  center f i n .  M = 2.21. 
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